Phosphatase 2A Inhibition Affects Endoplasmic Reticulum and Mitochondria Homeostasis Via Cytoskeletal Alterations in Brain Endothelial Cells.
The loss of endothelial cells (ECs) homeostasis is a trigger for cerebrovascular dysfunction that is a common event in several neurodegenerative disorders such as Alzheimer's disease (AD). The present work addressed the role of phosphatase 2A (PP2A) in cytoskeleton rearrangement, endoplasmic reticulum (ER) homeostasis, ER-mitochondria communication and mitochondrial dynamics in brain ECs. For this purpose, rat brain endothelial (RBE4) cells were exposed to okadaic acid, a well-known inhibitor of PP2A activity. An increase in the levels of tau phosphorylated on Ser396 and Thr181 residues was observed upon PP2A inhibition, concomitantly with the rearrangement of microtubules and actin cytoskeleton. Under these conditions, an increase in the levels of ER stress markers, namely GRP78, XBP1, p-eIF2αSer51, and ERO1α, was observed. Moreover, PP2A inhibition upregulated the Sigma-1 receptor, an ER chaperone located at the ER-mitochondria interface, and enhanced inter-organelle Ca2+ transfer, culminating in mitochondrial Ca2+ overload and activation of mitochondria-dependent apoptosis. The inhibition of PP2A activity also promoted an alteration of the structural and spatial mitochondria network due to upregulation of mitochondrial fission (Drp1 and Fis1) and fusion (Mfn1, Mfn2 and OPA1) proteins, suggesting detrimental changes in mitochondrial dynamics. In accordance with our in vitro observations, brain vessels from 3xTg-AD mice showed a significant decrease in PP2A protein levels accompanied by an increase in tau phosphorylated on Ser396 and GRP78 protein levels. Collectively, these results suggest that the loss of cerebrovascular homeostasis that occurs in AD might be a downstream event of the compromised activity and/or expression of PP2A, which is observed in the brain of individuals affected with this devastating neurodegenerative disorder.